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EXECUTIVE SUMMARY

INTRODUCTION

The Joint Tactical Information Distribution System (JTIDS) program will provide
the joint services with a communication system having .jam-resistant digital and voice
communication for command and control, platform relative positioning, and platform
identification. In 1985 a decision was made to use the JTIDS Class 2 terminal (hereatter
referred to as the -JTIDS terminal") designed for the United States Air Force (USAF) as
the baseline for those JTIDS terminals being developed for naval and other fticLs.

The objective of this report is to document the status of the effort to integrate the
JTIDS terminal with Navy shipboard TECHEVAL OPEVAL systems that provide navi-
gation data. This report includes a survey of the Navy's specifications for shipboard naviga-
tion information, a description of the significant issues raised during the integration process
and their current status, the remaining action items, and the estimated resolution time for
each issue. The possible applications of the resulting relative navigation (RELNAV) data
produced by the terminal and the integration of the terminal with RELNAV data user
systems are not addressed in this report.

JTIDS SHIPBOARD RELATIVE NAVIGATION ARCHITECTURE

The JTIDS terminal and associated RELNAV-related equipment to be installed
aboard each TECHEVAL OPEVAL ship includes a JTIDS terminal configured for Navy
shipboard applications, a transmit receive antenna, a receive-only antenna, one primary
and one backup inertial navigation system (INS), a Command and Control Processor
(C2P), and a combat direction system (CDS). If the ship is an aircraft carrier (CV). then the
INS wlil be an Aircraft Carrier Navigation System (CVNS). If the ship is either a Guided

Missile Cruiser (CG) or a Guided Missile Destroyer (DDG), then the INS will he an
AN WSN-5. In addition, the dead reckoning (DR) systems aboard each ship will include
an electromagnetic log (EM-t og) and a gyrocompass (gyro). These ships will also have
access to a Global Positioning System (GPS) receiver connected to the INS. (A brief
description of each of these terms can be found in the Glossary.)

RELATIVE NAVIGATION SPECIFICATIONS

The Navys RELNAV specifications are derived from either the JTIDS terminal

System Segment Specification (SSS) (Singer, March 1983*), the Navv Shipboard SSS
Addendum (Singer. January 19882). or from Navy operational requirements (communi-
cated by the PMW PMA-159 project office of the Space and Naval Warfare Systems
Command (SPAWAR)). These REI.NAV specificatioiis include the following: the highest
quality estimate of position shall have an error of at most 50 feet. a backup navigation
mode operational capability, lever-arm compensation for an offset of more than 50 feet
hetween the top of a .1TIDS antenna and the ship's INS, proper lever-arm association with" ?Pr
-ich arrixing me;sagc depetiding upon the receive antenna. and a navigation capability I
near the earth's poles.

*A complete listing for each rcf:,e'nce used in this documeni is presented as Section 2.0. Specific

citations are kc\ed to superscript numbers by section in Section .0. "Fnd notes." :11t Co 0s
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INTEGRATION ISSUES

The issues identified from these specifications can be grouped into the following
three categories:

a. Integration of navigation data from shipboard positioning systems (e.g., GPS)
and dead reckoning systems (e.g., AN WSN-5. CVNS. EM-Log) with the
JTIDS terminal navigation function.

b. Transmission, reception, and processing of navigation data from messages
from neighboring platforms based upon their time of arrival (TOA).

c. Selection of the earth model most appropriate for navigation position and alti-
tude calculations.

These issues and their resolution status are summarized in the following sections.

NAVIGATION DATA INTEGRATION STATUS

Most of the navigation data received by the JTIDS terminal are available from
the ANi WSN-5 and the CVNS and are transmitted to the terminal through the C2P. Other
needed data are supplied by the C'P. However, not all required data are so readily avail-
able and an issue has been raised associated with the terminal's need for each of several
types of navigation data. All of these issues have either been resolved, or the method for
resolution has been agreed upon and the solution is being carried out.

A related issue that has not been resolved is the average duration of inertial
"drop out" periods for the AN WSN-5 and CVNS. These data are needed to determine
the period of time the terminal should wait before initiating a reset because of excessive
delay in the arrival of navigation data.

NAVIGATION MESSAGE INTEGRATION STATUS

Issues that have risen out of considetation of the affect on navigation position
accuracy of message reception, transmission, and processing system components are
approaching resolution. The only unresolved issue in this area is the method to be used
to accommodate the cable delays and the Notch Filter Assembly (NFA) delay. Resolution
of this issue awaits the contractor's presentation of its proposed method for government
review.

EARTH MODEL SELECTION STATUS

The Navv has decided to use the WGS-84 earth model over the WGS-72 model
in the terminal's RELNAV computations. Not changing to the WGS-84 model may result
in position errors in some earth locations of as much as 90 feet. Needed approval of this
change from the Joint Message Standards Working Group (JMSWG) is pending.

SUMMARY AND CONCLUSIONS

The c, tc' navigation data integration issues have either been resol\ed or their
resolution is in progress. However, the Navy should continue to monitor the status of the
vet unresolxed issues. The primary remaining naxigation data integration challenge is
to test the terminal for proper operation in a Navy shipboard navigation operational
environment.
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1.0 INTRODUCTION

The Joint Tactical Information Distribution System (.IIIIS) is a joint military
service development program to provide jam-resistant digital communication of data and
voice for command and control, relative positioning, and platform identification. The
Naval Ocean Systems Center (NOSC) has principal responsibility for the integration of
the JTIDS Class 2 terminal (hereafter referred to as the ",TIDS terminal") aboard Navy
ships. The MITRE Corporation has been supporting NOSC in its role of JTIDS terminal
integration with Navy shipboard systems, testbed development, testing, and installation
aboard ship.

1.1 OBJECTIVE

Although the integration task is not vet complete. the portion of this effort \ hich
encompasses shipboard navigation systems, reception and processing of naigation (NAV)
data from neighboring platforms (e.g.. ships and aircraft), and the selection of the earth
model upon which to perform the navigation calculations is approaching resolution.

For the past two years the authors have been supporting NOSC in the area of Naxv
shipboard relative navigation (REL.NAV) integration. In !his capacity. the authors have
identified and verified critical shipboard RELNAV integration issues and participated in
their resolution. As a part of tne performance of these duties. they hax e participated in
RELNAV Working Group (RNWG) meetings. ITIDS terminal design reviews, and other
meetings. They have assisted in the development of the RELNAV portion of the Naxv
shipboard terminal design and program documents by reviewing these documents and
participating in comment resolution meetings. The information collected, through these
and other actixities. forms the basis of this report.

The objective of this report is to document the current status of the integration of
the Navy shipboard terminal's RELNAV function with the shipboard navigation systems
and the navigation data portions of the JTIDS terminal communication system. In addi-
tion to describing each issue, the status of the issue, the remaining action items associated
with its resolution, and its estimated time-to-completion are reported.

1.2 BACKGROUND

After giving a brief o\erview of the JTIDS s\stem, the historical development of
the current terminal, and NoSC's role in its development, testing and shipboard integra-
tion are described.

1.2.1 JTIDS System Overview

.illDS is a radio frequency (RF)-based tactical communication s\stem that is
being developed to pro\ide secure, jam-resistant digital communication of data and voice
for command and control, relati e positioning, and platform identification. It operates over
line-of-sight (I OS) ranges of tip to 300 nautical miles (nmi) on I.-band using Time Division
Multiple Access (-DMA) communication technology. Jam resistance is accomplished by
the use of spread spectrum, xith direct ,equence and frequenc\ hopping techniques.
Encryption is used to make it secure.

.J II)S terminals communicate over Link-16 using the lactical Digital Information
l.ink) 1AI)L .. message standard as defined it, the TI)P- IE (.IINT ACCS, .January 1986')
and OPSPE( 516.1 (OS 516. October 19862). Each .l-iD S terminal automatically broad-
casts outgoing nc,,sagcs at predesignated and repeated inter\ als. When a terminal is not



transmitting, it can receive messages sent by other terminals. The flexible .11 IDS signal and

message architecture provide a variety of distribution techniques that can be organied to

satisfy the needs of the individual users.

The primary function of l I DS within the Na\\v is to distribute tactical information

in digital form among Navy tactical users. e.g.. aircraft carriers, guilcd missile cruisers, and
guided missile destroyers (CV, CG, and IDG, respectivelk) and aircraft (f-2C and F-141)).
JTIDS will gixe the Navy po\%erful new capabilities in the following n:ial mission areas:

" Surxeillance

" O\cr-thc-horizon (OTH) targeting

" Remote targeting

" Extended combat-air-patrol (CAP) tactics

" Precise participant location and identification ( PPLI)

1.2.2 Development History

JITIDS is currently being developed for joint scrvice use by the Joint Program
Office Tactical Communications Systems (JPO TCS). of the Air Force Electronic Systems
Division (ESD). Hans;com Air Force Base (AFB). MA. The system was originally designed

as a communicailon and na\igation terminal for the Air Force (At.) F-15 aircraft. Although
the Navy had begun development of its own JTII)S terminal, the Distributed TDMA
(DTDMA) terminal, the program was canceled in 1985. Following the dir .ction of the
Assistant Secretary of Defense, the AF TDMA terminal became the baseline for develop-
ment of a terminal for joint service use. Now' the Navy must modify and integrate the AF
terminal for use Aith Navy platform systems.

The development of this AF .JTIDS terminal for Navy applications is managed

for the Nav\ by a pro~ject office (PMW PMA-159) within the Space and Naxal Warfare
Systems Command (SPAWAR). In addition, this office is responsible for the acquisition of
Navv JTIDS terminals through the Joint Program Office (J PO).

1.2.3 Naval Ocean System Center's Role

NOSC is the principal Nay Research, De\elopment. Test, and Evaluation

(RDT&E) Center for command, control, communications, ocean surveillance, surface- and
air-launched undersea wcapons systems, and submarine arctic warfare. NOSC has the
followAing three major roles in the Navy JTIIDS shipboard terminal development program:
system engineering, testbed development and terminal evaluation, and system development

and integration ( Darron. February 1 9 " ).

In its system engineering role, N-OSC will carry out the following activities:

" Perform system engineering for the Navy shipboard terminal and for associated
prime mission equipment dcx elopments.

* Conduct engineering and related anal\ses to ensure that the Air Force devel-
oped terminals are compatible "ith Navy shipboard enironments.

" I.ead the dcxelopment of net work matnagement methods to adapt the Air Force

developed terminals to satisfx Naxv needs.

2



In its role of- testbed de\ elopment and terminal evaluation, NOSC will1 perform the
following funct ions:

0 LDexelop a testhed to test the Ji I I)S Nax v shipboard terminals in at multi-
platform environ ment prior to its Installation aboard s hip.

* Plan and conduct pretesting for Nax \ shipboard terminal technical ec al uation

* Coordinate the ITIDS J [CHE[\'Al-.

0 Pro\ ide support for terminal opei at iona I e~ aI at ion (OP FV AlI plan inefil

In its de~ elopment and integration role. N0SC will contribute thle foI lox"ing:

* 1)e\ elop and test thle .1-l V)S shiipboard antennas.

* Conduct shipboard topside engineering and installation ph inning.

" Pros ide thle lead for shiph ard integration acti\itics through 01PEVA L.

A portion of' NOSC's system engineering and integration responsibiity mt~x- s
the integration of' the RFI.N AV functions of the terminal with Nax \ shipboard nax igaitl(ion
commilnication. and command and control svstems.

1.3 JTIDS SHIPBOARD RELATIVE NAVIGATION SYSTEM ARCHITECTURE

I1 he TI1 IDS) terminal "xIll be installed aboard selected Na\x ships (an example
configuration is sho%%i n i figure 1-1 ). This Installation Include. the necessarv JIlDS anten
nas, one primary and one back up inertial niavigation system WiNS). the Command and
Control Processor I CPI. and either an existing or planned Combat Direction System
(CIS). -1he corceptuaf la\ out of' these s\ stems a board ships is explained in this section.
Although x ariations f'-om the description presented here ma\ occur from ship to ship. this
description ,% Ill provide the background nceessar-\ to understand the integration issues
presented later in this report.

IVhe .1-1 1)S terminal is, located generally aidships. A trans in t t d signal passes
hrough thle N OtCh FilIter A sscm ll I N [.\ antd ow: through thle t ra nsmlit ecable ru nning to

Anrten na B. I he NI A Is needed to p rex nt .l11)5 transmission signalI interference \%it h two
Identification. Friend or [oe OIFF) sulb-bands positioned xx ithiri thle range of thle JI-IDS
bmr rd. Beecause Aluterd Ba %kxxill also reCCc sicnn Is. at rccei ed signal is redirected b\ at circu-
lator Ii thle Anitnna Interface I nit (AI I ) before thle N IA and ret Urns directl\ to the
terminal (Singer. April 19881). Antenina A Is reccixe nil\, therefore, theC TInC(MIng sinal to
Aln~entna A pass's through a second cable direct lx to the terminal.

I here are txx o N\N \5 SN-5 IN 5s Installed onl D)1) and U( iClass ships. *1hei AN
WSN-5s are Positioned Inl thle forxxaro- Mnd alfterpat of the ship. ats shloxxn Inl figure I-1. If
the ship Is at (V. then thle INS Is an Aircraft C'arier Naxicatiori Sxste:ni ((\"\S) and the
Ikk 0 (\'N s are located side b\ side.

Fa~ch INsS containis ports to coilnect it to otherc 1nax eat ion dcx ices: at gyroconi pass

g~ro). an electromagnetic log I I \-I og). arid at (1lobal P~ositioningi 5x stemi (GI') receixer.
A connection to thle EM\1I og is sfioxxn Ii figure I-I. 1 hec INS, I M1 og. and gxro are each
knoxx n its dlead reckoning I DR)I s\ sterns because 111 dalt from- these sx sterns are used to
prox de riax gatiori datal betxxeeri ria iaiori fiws on objects, xih krim OiIII" oainsuch as
landmarks or satlilites \ fix mnay comec fori (PS or be marirallx entered from thle ship.



a

C))
LI.5

Z cr >
<a

< z'

42



1.4 JTIDS TERMINAL SYSTEM ARCHITE('TURE

Each .ITII)S terminal consists of the following major sottwarc s\stcm components:

the Net Interface Computer Program (NI(P) and the Subscriber Interface Computer
Program (SICP) (see figure I-2). The NWI'P is common to all terminals across the forces.
Its major functions are communication bet\een JIl)S terminals and REI[NAV processing.

The SICP is tailored for each platform type (e.g.. C'\. ('G. F-14D. F-15. and E-2C.
It \%iII be initialized ,% ith parameters that are local to the individual platform on which the
terminal is installed. -l hc S IWP communicates it h the (" P on the host platform via the
1553B multiplex I 1,X) bus. I he CI: is connected to the other shipboard systems. Some
of these systems supplv the naxigation data to the terminal %la the ('-P (e.g.. IN Ss. EM-
tlog. and gyro). Other svstems ma use improxed RFI NAV data from the terminal in
performing their mission (e.g.. (')S and I ink-I l).

1.5 SCOPE

the scope of this report is limited to a description of the status of the integration
of the followring wkith the na\igation functions of the Na\ shipboard JTIDS terminal:
I) shipboard na\ igation sensor systems (e.g.. GPS, DR s\stems). (2) naxigation and timing

messages receixed through the antennas from neighboring platforms. and (3) the navigation
earth models. 1he technical issues involved in the REINAV processing (e.g.. Kalman filter
processing) h the terminal are not considered here. Neither are the potential uses of the
imprxed RF I-NAV data produced by the terminal or the integration of the terminal %kith
RFINAV data users (e.g.. C'I)S. Link-I I).

The Nav\s shipboard navigation data requirements. the integration of shipboard
naxigation systems, and the JTI DS system architecture are the subjects of section 3.0. This
section includes the navigation data required for calculating the improved REI,NAV esti-
mates, the Na\\ 's special needs for REINAV data, the restrictions placed upon the naviga-
tion data processing caused b\ the shipboard antenna and terminal architecture. and the
earth models selected for use in the calculations.

1 he degree to which the nax igation sensor systems, the accommodations for ship-

board s\stem architecture, and the earth model selection have been successfully integrated
\k ith the .1 I )S terminal nax igation calculation algorithms is described in section 4.0.

In ,ccti on 5.0. tile remainii niinrsolxeCd issues arc delineated. The impact of not
resokIxiIg each issie is described, its current resolution status is rexealed, and the action
items and responsible parties for their resolution are listed.

I I , i "Cs and tIhmir short- and long-terl solutions are sum mari/ed in
section 6 ' I' Its tied there that the steps remaining to rcsolke these issues arc clearly
dcinc,) lare being purstied hx cogn i/ant parties. Satisfacior\ solutions to all of these

Pected to be completed before the Na\x \s product acceptance testing period
begin,, (e.g_. 1-ornial Qualilicat(in lcst 4 ( FQI-4)).

in onl 7.0, the conclusion is expressed that the principal remaining task is to test
the i rninaiii ,,a \ix \ shipboard na\ igatill cn\ironlcnt for c\ idence of successful imple-
mlntation Of the ageCCd-Uti s0ltitlio, and integration \\ih the INS. (-P and CDS.
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3.0 RELATIVE NAVIGATION SPECIFICATION

Some of the Navy's specifications for navigation data can be traced directly to
either the JTIDS terminal System Segment Specification (SSS) (Singer, March 1983') or
the Navy shipboard SSS Addendum (Singer, January 19882). Other needs are derived from
the Navy's REI.NAV operational requirements, as communicated on a case-by-case basis
to the JTIDS RELNAV community by PMW PMA-159. Before discussing the unresolved
issues in section 4.0. the applicable Navy JTIDS shipboard REI.NAV specifications are
described in the following paragraphs.

3.1 POSITION ACCURACY

All JTIDS terminals evaluate the quality of the position estimate, with the highest
geodetic position quality being an estimate with an error of at most 50 feet (Singer. March
19833). This error is meas'ired along the semimajor axis of the position error ellipse as
computed from the Kalman filter covariance matrix. The goal of proN iding the highest
accuracy in position estimates produces many areas that need special consideration. Not
heeding the demand for the highest accuracy in any one of these areas may render unattain-
able the possibility of staying within the allowable 50-foot error of the estimate. The specific
issues raised by this accuracy specification are listed below and discussed in section 4.0.

a. Notification of INS damping of inertial velocity data using EM-Log data.

b. Notification of a switch between dead reckoning systems.

c. Terminal reset from receipt of invalid data.

d. Terminal reset from delayed receipt of data.

e. Expected duration of terminal reset time.

f. Accounting for data accuracy and aging.

g. Notification of INS velocity and tilt corrections and the magnitude of these
corrections.

h. Compensation for antenna-cable-length caused delay.

i. Compensation for NFA caused delay.

j. Selection of .ITIDS altitude reference model.

k. Conversion to the World Geodetic System (WGS) 1984 model.

3.2 BACKUP NAVIGATION MODES

If both INSs are inoperative, then the Navy shipboard ITIDS terminal needs dead-
reckoning data from the EM-log and the gyro alone. However, if this dead-reckoning data
is not available, then the JTIDS terminal specification (Singer. .Januarv 19884) requires that
a backup mode be provided that enables navigation based upon navigation data derived
from the arrival of PPll messages alone. This mode is required to help maintain the 50-foot
position accuracy and time synchronilation during long-term passive operations.

9



3.3 LEVER-ARM COMPENSATION

The distance between two JTIDS platforms is measured between the reference
point on each platform. However, ranging between platforms, based upon the time-of-

arrival (TOA) measurements on messages. is measured between the respective antennas.

The Navy shipboard JTIDS terminal specification (Singer, January 19885) requires

that the distance between the ship's reference point and the receiving or transmitting
antenna (antenna B) be accommodated in any distance calculations to other platforms
which are derived from TOA measurements on messages. Because the shipboard antenna

may be greater than 50 feet from the ship's refereice point, this compensation is needed to
maintain the highest accuracy in position estimates. The vector offset between the ship's
reference point and a JTIDS antenna is termed a lever arm (see figure 3-1).

3.4 TWO RECEIVE ANTENNAS

The Navy has a requirement for two shipboard JT1DS receive antennas to reduce

radio frequency (RF) signal multipath effects. The difference in height between these two
antennas may be more than 50 feet. This expands the lever-arm compensation requirement
by adding a requirement for a second lever arm (from the reference point to the second,
receive-only, antenna (Antenna A in figure 3-1 )). It also adds a requirement that the termi-

nal be able to associate the appropriate lever arm with the antenna which is receiving the
message with the clearest reception characteristics (Singer, January 19886).

3.5 NAVIGATION DATA TIME TAGS

The Navy shipboard JTIDS terminal specification (Singer. January 19887) requires

that all navigation data have time tags associated with them giving the time that the data
was valid. Also, the same specification requires that the improved position estimates, i.e.,
the RELNAV data from the JTIDS terminal, have a time-of-validity time tag.

3.6 NAVIGATION REQUIREMENT NEAR THE EARTH'S POLES

The Navy has an operational requirement that its platforms be able to navigate
near the earth's poles. This implies that the JTIDS navigation algorithms must be able to
produce accurate position estimates at latitudes above +60 and below 60 degrees latitude.

10



w
0

w

w
uC
Z0

00

CL'

CD
cu

4 EJ

<m E

0~ cI



4.0 INTE(RATION STATUS

The issues identified ill section 3.0 Ncrc grouped iunder thcir associatCd require-
ment, whether the requirement was given as a sstem sp-cilication or as i NaNN operational
requirement. However, evaluation of the integration status of shipboard sensor syste.'ms.
communication sN'stets, and carth navigation models is more easilv Considered if the issues
are grouped relative to the applicahe system or carth model.

Ilhe integration issues discussed here can be partitioncd ilto three categories. I ht-,,t
categories are listed below and discussed in the suhsequent paragraphs:

a. The integration of navigation data Irol ,hiphoard positioning (e.g.. (PS) and

dead-reckoning systc ms w,,ith the .1I 11)S te-rminal.

b. 'Ie transmission, reception, and accurate processing of navigation data from
messages based upon their timet(f a rriv ai.

c. le selection of' the carth model most appropriate for na\igat ion position
ca lulat iOns.

4.1 NAVIGATION SYSTEM I)ATA INTE(;RATION

Many' of the navigation| input parameters to the .1-1 1)S terminal, as specified ill
the ,1 IDS Navy Shipboard ('lass 2 Terminal Interlace Control )ocu ment (IC')) (Singer,
April 1981). are available directly from AN WSN-5 or ('VN S navigation output parame-
ters. Other IWI) parameters are readily supplied by tile ('21P. Fle degree of integration
currenly achieved is shown in table 4-I. The first column gives a short description of each
navigation input parameter from tile Navy shipboard .11 I)S terminal IClD)2.

the entries in columns two and three of table 4-1 indicate the current availability of
the IW) parameter from the AN WSN-5 or ('VNS output interfacc, respectively (NAVSFA,
August 1982'. N AVSFA, Maich I 874). I he entlry "N" indicates that the parameter is avail-
able as a direct output from the navigation s+stein, possiblv after a millor format Conver-
sion. An entry of "(" indicates that the paratmeter is supplied by the ('2P. The current
statuis and remaining actions needed to resolve the use of those navigation paraneters that
are marked with an "I" arc discussed as issues in this paper under the paragraph listed In
the fourth coluin. No entry icans that the paranctcr is not applicab le to operation of tlhe
terminal wk hen connected to the indicated INS.

Several issues have bccn raised by the nced to pro\idc these pitra mleters to the
terminal. I he relationship of these issue,, to tile Na\N, shipboard na igation data sources is
shox~n in figure 4-1. I hcsc issuCs ar listed heloN% and ar disuctsscd in detail in paragraphs
5.1 through 5.4 and 5.7:

a. N(itification of INS damping modc in1 use.

b. ('omputation of the reference \clocit\ for use in the tcrminal's dalping
lodel.

c. Noilficaltion (d the ll\ gallinl sstm in lis.

d. Nolltiatioln i a swilch bct\%cciI ail\' IN~s.

C. Notification of a switch to I M-I og amid gyo t\gaioi ditil up[oll fiilue of
both INSs.

I. Assiailc of a \\itch to I()A-Ietasilrtmllt mCs,sagc-oil\ ( I()-oltIk) mode
uponl nt if iCaton of Ia Iuic of all R \stems
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Table 4-1. Nax igation data integration: terminal-to-inertial nax igation system.

Navy Shipboard J )IDS

Terminal Na\igation Data AN WSN-5 CVNS Paragraph(s)

Navigation System In Use I I 5.2. 5.7
Damping Mode In Use 1 I 5.1
Corrections Used I I 5.3
Data Validity Bits

lilt Corrections Valid 1 I 5.3
Velocity Corrections Valid I 1 5.3

Wander Angle Valid I 5.4
Pitch and Roll Valid C C
Heading Valid C C

Velocity Valid C C
Geodetic Position Valid C C

Horizontal Position Fix Quality C C
Geodetic Position Fix Presence C C
Time of Update N N
Platform Latitude N N
Platform l.ongitudc N N
Time of Computation - Attitude N N
Platform Roll N N
Platform Pitch N N
Platform Heading N N
Time of Computation - Velocity N N

Platform North Velocity N N
Platform East Velocity, N N
Platform Azimuth Wander Angle I 5.4
Correction Values Used

North Velocity 1 1 5.3

Fast Velocity 1 I 5.3
North Tilt 1 1 5.3
Fast Tilt I 1 5.3
Azimuth 1 5.4

Ocean Current North Velocity N N
Ocean Current East Velocity N N
Reference North Velocity I I 5.1
Reference East Velocity I I 5.1

Kex: N - Na\ igation Sy stem Output Data
C - CP SuppliLd Data
I - Issue Addressed In Cited Paragraph(s)
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g. Notification of corrections to the INS Nelocity and tilt data and the time of
correction.

h. Communication of the AN WSN-5 v ander angle and notification of wander
angle corrections.

Related issues that are coxered in this paper are isted below and are discussed in
paragraphs 5.2 and 5.5:

a. Parameter data for triggering terminal resets from invalid navigation data or
from excessive arrival delay.

b. Expected duration of the terminal reset period,

c. Accurate time tagging of NAV data.

d. Accounting for NAV data aging and accuracy.

4.2 TIME-OF-ARRIVAL (TOA) MEASUREMENT
MESSAGE SYSTEM INTEGRATION

Issues that have risen out of consideration of the affect of TOA-measurement
message reception and transmission system components (see figure 3-1 ) are approaching
resolution. The resolution of these issues is discussed in paragraph 5.6. These issues are
derived from the need for the terminal's design to accommodate the follow ing items:

a. Compensation for message delay through the antenna-to- terminal cables and

through the NFA.

b. Selection of the navigation reference point location.

c. Compensation for the lever-arm offset between the ship's navigation reference
point and the antenna which transmits receives the TOA-measurement message.

d. Precise calculation of the affect of the ship's roll, pitch, and heading changes
on the antenna's location.

4.3 JTIDS NAVIGATION EARTH MODEL

The decision has been made by the Navy to use the 1984 WGS (WGS-84) earth
model over the 1972 WGS (WGS-72) model in the terminal's RE1.NAV computations. Not
using the WGS-84 model maN introduce position errors in some earth locations of as much
as 90 feet. The status of approval for this change is discussed in paragraph 5.8.
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5.0 REMAINING ISSUES

Those NAV data integration issues remaining to be rsohxed are discussed in this
section. If a general risk issue includes specitic risk iss-ues that ha\e been addressed, then
these specific issues are enumerated and discussed indix iduallh.

The REI.NAV Working Group agreed upon short- and long-term solutions to these
issues are given in the following subparagraphs. Each discussion includes a description of
the issue, the expected impact on .JTIDS REI.NAV of not resolving the problem. a discus-
sion of factors which influence the :,oiation(s), the current stat us of the issue, and the action
items currently assigned to the Navv and Singer in order to achice its resolution.

5.1 ELECTROMAGNETIC LOG VELOCITY DAMPING MODEL

The xelocit\ data coming Irom the ship's INS ma\ be damped using output Irom its
ENI-log. The damping operation tend,, to smooth the fluctuations that normallh occur in
the INS accelerometer output data. Hox c\er, the damping process ma\ add a bias to the
velocity data. Both the AN \SN-5 and the ('VNS operate in xelocitv damped mode,.T he
AN WSN-5 and CVNS each haxe t%\o modes: damped and undamped.

5.1.1 Issue

The accuracy of the naxigation solution obtained b\ the .ITIDS terminal depends
upon proper modeling in the terminal of the INS damping behavior. Howkever. the velocity
damping by the AN WSN-5 and CVNS navigation systems cannot be modeled adequately
in the terminal without having tLe correct information in the following three areas:

a. The detals of the velocity damping mechanization used by the INS (damping
equations, gains, etc.).

b. Real-time notification of the damping mode in use bx the INS.

c. The components of the reference xelocity along with a time-tag consistent w.ith
the INS data.

5.1.2 Impact

If the terminal does not receixe notification of the INS operating mode and contain
the proper mechanisms and data tor modeling this nmode. then the accurac\ of the .ITI DS
terminal na\igation position estimates x\ill be serioush' reduced.

5.1.3 Discussion

Singer must be pro\ ided xwih the proper xelocit\ damping mechanisms and data.
Further. the AN WVSN-5 mode of operation indicator (damped or undamped) is currentl\
available only as a discrete output \alue. A hard\arc change %%ill be required to provide
this value through the AN WSN-5 to external computer interface. Finally. the reference
\elocit\ is not axailahle from tile AN WSN-5 in the form required by the .11 DS terminal.

IThe (-1p cal monitor thi, discrete aiid report a change in its \alue to the terminal.
Should this niode indicator become ax ailable through lie INS to external computer output
interlace, he ('P can pass its \aluc to the teriinal.
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5.1.4 Status

The selocit\ damping information issue is approaching resolution status. The
required document changes hase bee.n made and the na\igation mechanization equations
and data haxe been pro\ ided to Singer as folloks.

a. The requc.ted AN WSN-5 Inertiai Measurement 1'nit (I M t') eror model
information (damping mechaniation equations and gains) wAas receised b%
Singer on 18 .1lutne 1987 (Singer. October 1987').

b. A damping mode indicator has been added to Terminal Input Message ( IM)
17 (sord 1. bits 4-5) in the Na\, shipboard terminal ICD (Singer. April
1988').

c. -T he north and east ,'omponents of the reference elocitv ha\ e been added
to TIM 17 (,lords 31-32) in the Nav\ shipboard terminal WI) (Singer. April
19KS).8 1 he north and east conponent s of the reference \clocitv can be calcu-
lated b\ the (A) using the INS-reported ow\nship speed and o\,,nship heading.

Section 5. 1.1 lists three categories of missing infoi mation. Of these three items.
b and c hake vet to be completely resolved. As a short-term solution "o item b. the
AN W'SN-5 damped mode indicator ssill be read as a discrete signal by the C' " and
lorsarded to the terminal in l IM 17 oser the 1553 M X bus.

For the long-term solution to item b, as requested b\ PM\W PMA-159 in a letter to
the Na\al Sea Systems Command (NAVSEA) 61Z2 (Ault. I June 1987-1). a damping mode
indicator has been added to the (redlined) AN WSN-5 ICD. The actual changes to the
AN WSN-5 system \%ill occur at the ,ame time that the GPS field changes are made to the
AN WSN-5 fZisich..antjjr\ 1988'). A damping mode indicator for the ('VNS output
interface \%ill be in\estigated.

To resolve item c. the ('2P w\ill make tie reference \ elocitk component calculations
and for\% ard these components to thte terminal in ]I %1 17 (Ault .. 1 ul\ 1987") ( Ault, 30 June
1987).

5.1.5 Action Items

Solution of the problem requires the tollo\ing actions b\ the Na,.v and the Singer
Company (Singer, \pril 1987').

Nav v. -or the short-term solution, the Na\ % \%ill request that the ('P read the
AN WSN-5 u.:mping mode change discrete signal and forsard its salue to the terminal
--sing tile damping mode indicator prosided b\ Singcr in I IM 17.

For the long-terni solution, the ,uccCss,ul addition of a danmpi ng mode indicator to
the AN' WSN-5 to external computer interface \%ill proide the desired method of notifica-
tion of the mode change to the terminal. lhe Nasal Air I)esclopment ('enter (N.A )C) \kill
determine the fcasibilit\ of adding a da mping mode indicator to the ('\VNS to external
computer output interlace.

The Nas\ \,\ill request that the ('2 be modified to make tile reference \elocit\
component ca le Ilat ions.

;mg e'. Singer has propo,,cd implernentation of IM-log selocity-danipcd INS
operation in the NI('P b\ VQI -4 (Singer. .une 1987"). Singer rioted that this Ina\ require
using t5(o he, filter states in the R -IN. AV Kalman Filter (RNK[F). Ilosse r. the modifi-
cations made b\ Singer for til nes, Grid I)rift Varkoff model hase frecd tsso filter states
that can be used here.
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5.2 TERMINAL. RESET (ONDITIONS AND) lIRA I-ION

I trIa reset catu~cs the terminal to Lnter at rc nitiali,'atin period. lDurinit thi
tiei the ter i nal\, prod uct ion of R El N AV d atat is tern ~orari Ix intcr ru pied: therefore.
REL\ \V data Is not axailahle to the host platform. tiokkceer. reinitialitatioti of' thle termil-
nal is needed kk henex ~er ilor cha nge,, occuLr Inl cit her thle son.1C r 0e1o thle nture of- the a rrl -

ngt nai iitation data.

5.2.1 Issue

Ihle teriu:al \kill recinitiali/e Itself under sex erill differenit conlditions". Inl sonie eases
at reset W~ ll oCcIrLi Euncoid it ionall b xecause it is, ca used h\ at miaor cha nge Inl the soulrc Of

hie datLa. e~. ita sxx itch lin the aict ixe I NS. at sx it elini IN S inode to L M -VIoL arnd gyro

Mode, or at sxxitch to i OA-onlx\ milei mlodev froml D)R mlode. Inl each ease thec term'linal
must he noti lied of thle eha nge.

Ixko other eonditions under xxh~ inat cal n oeeurl are- thle aitrial of inxalid datta
and at large xariation in) thle dalt interarr-i\al timeC. I hie terminal soltxk are is designed to
ContinueI nax&M11 igation caclaftin 101,Cxci thouchl at uILimber~ of Pieees of inxalid naxigation dalta
arrixe. fHoxxexer. afterIl, iii arixa; of sex eral Imalid pieces. of dlata at reset is Initiated hx thle
terminal. Similarlx-1\ .If a long interx al passes hetxxeen th-e arrix al of suicecssix piees (of data.
hen at reset is, Iiiated. [hei circumstances Linder Mith j these resets ',\Iif oeeU r nm he2

tuined ito thle host enx ronmnent h\ atd.justmenC~t of thle a~ppropriate paramieters. in the S1(1'
portion of the J1 I ID S terinnalI sO Ft xk re. [hle xa Ities for these para meters neced to he
(feterined.

5.2.2 Impact

I aiIllure hx the icri in i a to reset xx hen mlaj or chianges oceu r in the natuLre of the
irr ilaxic'ationl data maxm cau1se: sirfia troneous lumps in thle reCSul1ting R[INAAV

datai. tloxxexei. ttre.Luent reCSeIlt' u to stnaiil fiLieLitionls in the (latatk xI11 make the RFINA\'
datax kirtiiailx o faaxaiilhle to the host platforml. I hecretoreC. the conditions under Ml ieh the
termial \\ Ill reset mutst he c~eaii1x idlntiied and aldiusted for1 Optimumi RINA\ datai
ieCuraIiik and ax aiiahiiitx.

5.2.3 Discussion

[Ie hL' [iMii1r\ fLiCt'rs to he diSCiisstd hereC are thle situations" under Mu hch aI reset Lan

oc0r aInd theo C\peetked ICncLthl Ot time1 req'irle'f t, :,)lplelc at termninal nax caition reset.

a., I hie priimt INS is the default sx tcem sour-ce of ix icatlon data,. If thle data
Iil ic h priflnar\ INS avc ImxAlid ort tinaxailahle. then af sxxiteh to thle secon-

dtxINS 1' made.IL If both I NS', are Passing m llli datal or, are unlaxailable.
themil th cx r-\o \\1111 the. I\M-1 oig is the deftault. If n l)DR naiaT'ionl da1ta Isl
ax ;iil'IhlC. then theo terinal sxx itlches" Into I )Aol obile mlode.

[Ii each ease,. a swxitch froml ouic deaO?-rekoiit sxkstein to another causes a
mix cationl reset inl the M[C[ portion ol the .1 1IDS1) termlinal softxxaIre (Ault,

I In fQJ 1.\ iichat,11iin is, needed to enahle the host ctperto
o01IIMuiti fit, h ocnrrt!mlx aeIxe1ix c1I\Laion datal soreto thle 5(

h It hLe host kotliptiter 11rk C theCeodeticot Of atx enI\CLd niax ic'on1 ita It Isl
10iiti il( t Se 51) a t11\a11d, then1 the S!(I Phie to it *II ) \\l IIT

slito, 11 IIIC'1' HIca 11s ia tedta 110ror. thle I .V Diati St ore (I x d f roinl a



prex i0 lt i I)Is pitssed to the N. [([I)r in plcc of the inka IId datia f rom the

host. I1ti 5j([ mlaintallin a collnt of thle lnmber of recent timesc, that nxalid
data has heen receixted from thle host. [hIe numnhcr 0f tiles Inxalid data are
rcecix cd bef ore a rcsct Is, triggcered needs to he identifted.

C. I hie smlooth tioNN of d.,ta comlinge from thle AN k\YSN5 or ( 'S mia" he
Interru'Lpted. I1 IeoptimumIII length of thle \oxait intersal inl the NAT[ before the
NACP dclares. at nax catilon fa[ilure. hased Upon the nonatailahiliv (of .aild
nax ication data. need,, to be determnined I ALt.II\ lY, 1

d, Ihti axeraLc lenuth oft timeI requtire-d to comnplete at nlax ation reset needs to he
cs ta b is hed.

5.2.4 Status

sincr s cur renit methods foi deter[ mmmcIL the conditions, Under xo hich at resect %A ll]
occurI and( thirre nt esI* timat CIIM Of terminal reset1 timeI are SummIIIari/ed Ii this section.

at. Sliwcr has, Included at VA\ SYS I [FM IN 151K field as, hits 0-3. w~ord 1. in1
I 17N of thle N\'ax\\ shipbhoard WDif to he Used bv thle CT to communicate the

dent it x of thle act ix commn icat ion s\ stemn to the terminal. B\ monitoring
il' field thle S[AT[ Canl detect a sw\,Itch fromn oe~ INS to the other, at s"xItch

froni INS miode to FMi- I OgL and gyro mode, or that no nax ication systems are
axailahle (,Singer. April 19881.). [1his iresolxes. the suih1sue.

b. It the hiost sends inxalid data sicnials for I second (4 NAT~ excles), then the
SCU-C at nax teation retto occurI. Ini addition. 5 ohscrx.ation \xaliditx

laillures out Of 10 ,Luccessixe Inputs from thle host t,\ill also cauIse a navigation
reseCt t ALilt. April 198/1 t.1xo sUCeeSSIxe xai I faiures l resuLlt in at
eox ai c n atrix ad. uStnme nt. ih is, logie Is eu rrent l\ not anl independent
\a!id it x check f'or geodet ic grid. relat~ ixe rid, and timec (Singer, litutle I 9871-).

Slinger-proposed miodifications to this, polie\ for VQ I -4 are listed Inl para-

Fitap !1 5. 2

c . Singer Is axxaiting receipt of axerage Inertial dropouit estlimates for thle
.\NWSN-5 and tihe (V NS fromn thle N\i\\xx iese estimates .kill be Usedt

deem-111in maxiimuml~l Inertial ,\,,tell) dropout timec hefore at nax igatiorn reset

I., ni 111iyth C .

d. Singer reported at the Nax\ dsilpboard A1 1I)S termninal IPrcliinrarx D~esign
Rex exx ( IPIR) that, If the 5[(j) catl,it fa\nax cation reset oue to inxalid data

comningi from1 tfhe host eOMPUte. then thec length of timei required to eomplete
this reset I,, from It to IS n liniumes ( Alilt, \piill1K

5.2.5 Action Items

Solution of thle IIrIlxCO d portions of theseL issues" riresIIc thle folloxx inc actions, hx

tlic: Naxx aind the Singer (oinpan\.

aut I. NADC )(xxas tasked aIt at R I N VA\ Work inrg (lirotip meting to prox ide Singer

xx Nh eCithercii rento11 opt ationiwl o)i laoratoix estiates of the( axerce! dLutatiorI of Inertial
drnp-oult lieriods for the (A V.S and Ote A\ \\ SN5 (tiult,. [nix 198K''i. 1 he (lmitI i neded
hx Sincr to deterutminc the ruaviiun fl\ix x hel timit period before at *tnlissrrin data" reset is,

sWinalcd itI the N [([I the inforitiln xkais not pros ided h \ the N,,Ix shipboard J I IDS

terminal Criticall Design Rex iexx (I R 1. arnd the issuHe Isl CIcwrcnl unreolxed (Singer.
( )cItoer I 0-
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Singer. *The follo% inc modifications hia\oe been proposed b\ Singer for i mplementa-
tion by FQT-4 (Singer, .June 198711).

" Provide separate data validit\ failure ccunt \% iidox~ s for geodetic- and relatix e-
grid na\ igatiOn.

* P~rov-ide valid ityV failure covariance adjust ments as, a function of- thle DR type.
t e.. inertial. non'iertial. ]OA -onlv mobile. -1 O.-onlv fixed.

" D)o not count Round-Trip Timing (RTT) (Non-NAVr message timei updates)
fadlures towAard at navigation reset in thle passi\ e mode.

5.3 VELOCITY AND TILT CORRECTIONS AVAILABILITY

1The AN WSN-5 uses the results from its Kalman filter processing of periodic satel-
lite observations to correct Its position. \ elocit\, and tilt values ( Engelhart. March 1971)
The CVNS also corrects its velocity and tilt values.

5.3.1 Issue

Velocity and tilt corrections appled to the ship's INS. together wilth their time
of validity, Must be considered in YIDi1) terminal nax igation processing. HoAcver. the
current INS to external computer interf'ace does not incClude parameters A~hIch prox ide the
magnitude of these velocity and tilt corrections,. TIhe on]\ applicable parameter currentl\
ax ailable fromn either INS Is the T1imle of (ivro Reset (16 GR). and it gixes the time of validity
of- these resets.

5.3.2 Impact

Wit hout proper model inrg in thle terminal. INS x elocit x anrd tilt correct ions mlay
be linterpreted bx the J I I)S termiinal as an Indication that thle platf'orm Is turning. TIhis
Mistake xx ill causeC additional errors lin position and direction to be included in the RFINAV
data reported by thle terminal (Za nga ro. MIarch I1980')

If thle corrections are large enough. not prox ding these velo)cit v and tilIt correct ion
parameters to the terminal miax reCsult In at termlinal nlaxigationl failure requiring a total

na I cainrsat The restart delax x ill seriously derade thle usefuLlness Of JIi 1)S nlax ia-
tion data to thle shir (Ault. J it\ 1986').

5.3.3 Discussion

01rIg~nalkr. NAI)( reportled Hte folfowny esr1inraes Of tilc frequener and m nagniltude

of the x eloeitx and tilt corrections. I he waclnitude oft thle xelocitx corrections norniallr
applied to 11te I' sS I is on the orderof 0.1 knot0. 1 hese correctitons are: applied an\y" here f romn
c\xcix 2(0 i Inte,, LIP to C\er\ 0 hour Is. \\ ith the l t\rpical InIterxj bein exe1 \rx II t o 2 hours
'Id al of ato of miliecn ! Xn)licr pi M I hie tilt corrIectitons ire CPre-

djolruiriaritx 1\caused h\ 2\ 1o 0drIft I he are. il applied alt the same Ilcltme as' thle xeclocitx correc-
ruins1 at11d haxe af Maitide)I[L onl thC order Of oneC aMC m111iute (SIDr .April [987?2 f.

I heNJic prceerrd siltiori \ ito pros ide the miagnitude of the: selocit\ and
tilt co1t cIOrIs C~terillsl to theC A\ \ S5 [Isl' sodluion0 %koUld haxe beeni difficult to
111ivIplrt '11 the 1,*C\\ \\ S\-S b:cauI I I ths 1). . \eiI alics a7soIrcdi as AN \\'S\-5

sot~'Kalmani filter rest states anld ( 2) the clurrent nearl\ (tnet hutrtdred per-cent utifiia-

lion of thet AN \ S\-',', (erlirral I1iiesun Itit W(I~ ) bx e\isIt n processing demrands
leases little ('F eciricit, to Pi'the softsCar states ouit of the A\N \\N-5 (Atult. I liune
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Although most INSs are typically "I-knot systems," the NavN shipboard INS is an
exception because its x elocity and tilt corrections are usually less than 0. I foot per second
(fps). Further, the magnitude of the velocity and tilt corrections applied to the shipboard
INS are only 3 percent of the INS Kalman filter estimate of velocity and tilt errors. There-
fore, these corrections may be modeled as process noise in the .JTIDS terminal navigation
algorithms (NADC. May 1988").

5.3.4 Status

Singer has added a CORRFCIIONS VSEI) indicator to TIM 17 (word I, bit 7) to
communicate the values of the l(iR. which must be forwarded by the CeP from the INS to
the terminal. Singer will keep the existing velocity and tilt correction parameters in TIM 17
(words 24-27) availablc for future use. The \elocitv and tilt correction validity bits are in
TIM 17, x ord I, bits 8-9.

5.3.5 Action Items

The solution to this problem ill require the following actions by the Naxv and the
Singer Company.

Navv. NAI)C will determine the feasibility of having the C2P send a CORREC-
TIONS ISED indicator to the terminal based upon a change in the TGR parameter from
the INS (Ault, April 19872).

Singer. The magnitude of the velocity and tilt corrections will be modeled in the
NICP as process noise by FQT-4.

5.4 WANDER AZIMUTH NAVIGATION DATA AVAILABILITY

A vander-a/imuth INS is different than a north-slaxed system because the orien-
tation of the wvandcr-a/imuth system is allowed to dex iate slightly from true north. The
amount of this dex iation is called the wander angle.

5.4.1 Issue

The AN WSN-5 is a %Aander-a/imuth system. but the ,aander angle is not ,urrentlv
a\ailable as output over the AN WSN-5 to external computer interlace. If the wander
angle is not prox ided to the termiil tihe .TIDS na\ igat lion soliution \alues ma\ cause
navigation problems ahove 60 degrees fatitude. 1toxe cr, lhe Nax \ rcquires.II 11 IS naxiga-
tion inliormation tor operations abox c 60 degrees latitude. lhc problem is cquall\ true for
operations hcl ox 60 degrees latitude and it iP understood that this condition i, included in
the folloxA ing disctssion.

5.4.2 Impact

I he potential inaCetrac\ of the .11 I)S na\igation solution. if the AN WVSN-5
kwandet angle is not prox ided to the terminal. xill sCriotuslx restrict the applicability of
J IlI)S RFI.NA\ to Na\\ plattormi, operating abo\c 60 dcgrccs latitude.

5.4.3 Discussion

I lhe AN \VSN-. opcratcs a,, a tiorth-slaxcd s\stcm dtirIng alignment, and thercafter
opcatcs as a "ander-a/Imuth Istem. I he a/intith Ilia\ be torqtied up to 3 degrees per da\
P:ia,,a, 1)cccniber I986 1.
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Because the CVNS operates as a north-slaved s\,tem. the problem expressed here
for the AN WSN-5 does not apply to the C'VNS.

5.4.4 Status

The )R error models requested by Singer haxe been supplied. The data include
CVNS accelerometer data, AN WSN-5 accelerometer and gyro data. and EM-log perfor-
mance data (Singer, October l9872 1). However. Singer has requested additional CVNS
accelerometer data and gyro data (Zivich. January 19882").

In response to a letter to NAVSEA 61Z2 from PMW PMA-159 'Auh, 1 June
19870), the AN WSN-5 wander-angle parameter has been addea to the (redline)
AN WSN-5 ICD.

5.4.5 Action Items

Solution of this pro'blem will require the follo~king actions b\ the Navy and the
Singer Company.

Nav. NADC will supply Singer with the requested additional CVNS accelerometer
data and g.ro data (Zivich, January 1988').

Singer. Singer will maintain the wander-angle parameter, which is currently in word
23 of IM 17. for future use. The wander-angle validity bit will remain in TIM 17. word I,
bit 10, and the a/imuth correction used parameter in TIM 17, word 28.

5.5 NAVIGATION AND RELATIVE NAVIGATION DATA TIME TAGGING

Navigation data is supplied ;\ the INS through the host computer to the JTIDS
terminal. REINAV data is returned from the terminal to the host computer.

5.5.1 Issue

Vhe Naxv requires that "all platform navigation system data passed into the termi-
nal and REI.NA' data passed out of the terminal shall be explicitly or implicitly time-
tagged with Net 'ime'" (Singer. .anuarv 198832).

In addition. Sin,,r has requested that the systen maximi/e the data accuracy and
minimi/e data aging of all navigation data which is passed to the terminal. Singer requested
an :ndication of the accuracy and staieness of the host time-tagged data (Singer. Februar\
19X7").

5.5.2 Impact

less accurate data or data that ha\ aged significantl. is of little \alue in the Kalman
filter RE N AV update process.

5.5.3 Discussion

I lie (.11 will translate ('ren lich Mean liimc (GMIl) to . lII)S time. All naviga-
tion data time tags are to be in .11 I)S time and are to be measured in slots (Atilt. April
1987"4 ).

"'t[ull na igatijon parameters (c.g. position. Xclocit.) presented to (the) Host must
al\wa\s ha\e some time-tag identification presented xwithI the data to be useful. Since time
information is a\ailable in the S (i'P, each unique terminal conliguration can resolve this
question to suit the Host data CequLircIiCIlts'" (NAiDC. 19864)
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5.5.4 Status

The 14 July 1987 Navy terminal ICD provides the following three parameters in
TIM 17: 'Time of Update" for geodetic position: "Time of Computation - Attitude" for
roll, pitch, and heading: "Time of Computation - Velocity'" for the platform's north and
east velocity (Singer, April 198836). The latter time parameter is also valid for the ocean
current and reference velocities. In tact, because the shipboard INS eclciy and atI'ud:
parameters are produced at the same time. the value received in each of these two "Time of
Computation" parameters will be the same (Zivich, January 1988').

Word 2 of Terminal Output Message (TOM) 30 in the Navy ,TIDS terminal
ICD contains one time-tag for all the navigation data reported in TOM 30 (Singer. April
19883S).

Singer accepts a promised time-tag accuracy from the INS of (plus or minus)
3 seconds and a time-tag staleness of less than I second. This acceptance resolves the issue.

5.5.5 Action Items

Because the issue has been resolved, no further actions are required by either the
Navy or the Singer Company.

5.6 MESSAGE TRANSMISSION AND NAVIGATION COMPUTATIONS

PPLI messages are received and sent by the JTIDS terminal to communicate each
platform's identity and location to neighboring platforms. The data received on position
and range of other platforms, which is of higher quality than that held by the receiving
platform, may be used in the platform's Kalman filter RELNAV processing to help
improve its own position estimates.

5.6.1 Issues

Assurance of accurate reception and transmission of PPlI messages requires the
following considerations.

a. The cable length transmission reception delay between the JTIDS terminal
and the sending receiving antenna, and the transmission delay due to the NFA
must be accommodated in the platform's message transmission reception
time calculations. The use of two antennae for receiving TOA-measurement
messages and the difference in the cabling distances from each antenna to the
terminal gives rise to the following problem. If the two aninna-to-terminal
cabling distances are different, then the appropriate time delaN must be
accounted for in the message reception calculations depending upon the
receiving antenna.

b. Knowing the exact position of each antenna requires that lever arms he calcu-
lated from the ship's navigation reference point to each antenna.

c. The navigation reference point must be chosen so that the ship's movement is
accurately represented by the locus of motion of this point.

d. Precise calculation of each antenna's location at the time of message recep-
tion transmission requires data on the ship's roll, pitch. and heading.
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5.6.2 Impact

The impact of not resolving each numbered issue from paragraph 5.6.1 is explained
in the corresponding numbered subparagraph below.

a. Not compensating for cable and notch filter delays may cause serious position
error from ranging using PPLI messages.

b. Not providi,,g e,'er-arrn comnensation frn an appropriatcly scicctc rcfr
ence point will cause position error calculations that are incorrectly based
upon TOA-measurement distance reports. This is because the REI.NAV filter
position calculations will adjust position estimates to account for the errors in
perceived velocity from the TOA-measurement messages as compared to the
ship's own INS velocity data. This degraded performance contributes to the
following navigation problems (Veda. .July 19869):

a. Incorrect position quality reporting.

b. Erroneous TOA-measurement message processing and potential
Kalman filter instability.

c. Failure to maintain time synchroni/ation during long-term passive
operations.

If le er-arm compensation is provided for only one of the 2 antennas and the
antennas are more than 50 feet apart, then the TOA-measured distance for
messages received through the noncompensated antenna will show an unac-
ceptable error.

c. Selection of an improper ship's reference point will result in an inaccurate
representation of the ship's course. This will produce inaccuracies in reported
position and velocity estimates.

d. Inaccurate computation of the ship's roll, pitch, and heading may introduce
additional errors in the ship's position estimates.

5.6.3 Discussion

A discussion of the relevant points relating to each of the four identified aspects of
accurate PPI. message reception and transmission is presented in this section.

a. The notch filter is in the path of the one transmit antenna and vill affect
message transmit time. This delay is dependent upon the transmission
frequency. Eight frequencies of 51 are affected the most. These eight frequen-
cies arc located near the notch filter cutoff band. The delay variation is not
large enough to prevent satisfactory reception of the signal (Post. February

1 987 '1).

The maximum alloAable delay through the notch filter for all 51 transmission
frequencies (i.e.. the group delay) in the .lVI)S band is 75 ns. The specifica-
tion for the mean is 25 ns (plus or minus 10 percent) and the maximum allow-
able standard deviation is 15 ns (Singer, March 1987al).

'est data from the first NFA (U nit NFA SN 001) has been made axailable
by the NFA manufacturer, RS Microrave Company. Inc. Calculations by
A.F. Post of MI IRE Bedford, using this test data, shom a maximum delay
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of 64 ns, a mean of 16 ns. and a standard deviation of 12 ns. Although these
figures are promising, they do not guarantee that future NFA units will satisfy
the NFA performance requirements.

If the notch filter is inoperable and transmission is continued, then the trans-
mission time dela' "ill no longer be affected by this filter. This change must
be taken into account in any design.

h. Singer has agreed to make the needed changes to the SICP and the NICP to

accommodate lever-arm calcuiations (Ault. I June 1987412). The NICP's Source
Management Function will tag each incoming PPLI message with the ship's
antenna lever-arm compensation values corresponding to the receiving
antenna (Ault, July 198741).

c. In response to a question raised during a Technical Interchange Meeting
(TIM) on 3 December 1986. PMW PMA-159 requested that the lever-arm
initialization data reference point be one of the ships INSs to simplify the
calculations. In addition, PMW PMA-159 suggested that the determination of
the ship's reference point did not have to be complete in order to complete the
ICD (Piazza, December 1986--).

d. The computation of roll, pitch, and heading gimbal angles is not dependent
upon either the center-of- gravity, the INS location, or the location of the
center of reference for those angles. The computation is performed with
respect to the ship's metacenter, which aries depending upon the load condi-

tions or displacement nf the ship. Thus. the gimbal angles represent the same
heading. pitch. and roll values throughout the ship and for all magnitude of
disturbances. The computation is performed in such a manner as to guarantee
that these angles are the same for all locations on the ship and under all
displacement conditions (Piazia. December 198645).

Singer asked if roll, pitch. and heading data will have separate time tags. They
claim that this could affect lever-arm compensation calculations (Singer,
February 19874h).

5.6.4 Status

The current status of each of the four components of PPLI message transmission
reception is described belov.

a. A cable delay parameter for each antenna has been included in the initializa-
tion section of the ICD (initialization data block 1. words 28-29) (Singer. April
1988-1). The values communicated in these parameters \will be used by the
terminal in its message transmission delay computations to compensate for the
applicable cable delay.

A transmit cable delay parameter (initialization data block 1. vord 31) has
been included in the (I). Ho\e\ecr. it is noted there that this wkord is "for test
purposes only (Singer, April 198841).

Although the abo\e mentioned parameters are included in the Navy shipboard

WI). Singer has not clearly specified hoN% they will be used along with the
notch tilter dela\ to accommodate for the tox 0 recei e and the one transmit
cable dcla\,, s.
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b. Ship's body coordinates for each of the t\No inertial na\ igation svstems on
board, the EM-I.o, and for the tso antennas are provided as vectors in
initialiiation block 59 (Singer. April 19884"). The origin of the ship', body
coordinates will be centered at the ship's navigatin reterence point (see para-
graph 5.6.4.c).

c. It has been resolved that the ship's navigation reference point will be at the
primary (i.e.. first acti\e) INS (Zivich. Januar\ 1988511). If the INS is an
AN WSN-5, then the first active INS will be the forward AN WSN-5. If the
terminal is operating in either non-inertial or TOA mode, then no navigation
reference point is needed because of the substantially lower le\el of position
accuracy achievable under these modes (Ault, April 198751).

d. It has been resolved that the gimbal angles are the same for all locations on
the ship and the Navy shipboard ITIDS terminal includes one time of compu-
tation (11 M 17, words I 1-12) for the three parameters: platform roll, pitch.
and heading (TIM 17. words 13-15) (Singer, April 198852).

5.6.5 Action Items

Solution of the problem requires the following actions by the Singer Company.

Singer promised that the notch filter delay will be accounted for upon transmit in
the NICP and will be incorporated in FQT-4 software (Singer, June 198751).

At the Navy shipboard .I1 DS terminal ('DR. Singer proposed implementing TOA
lexer-arm corrections for FQT-4 (Singer, June 19 87 -1).

5.7 TIME-OF-ARRIVAL MEASUREMENT MESSAGE ONLY MOBILE MODE

Without TOA-onlv mobile mode, the baseline USAF Class 2 JTIDS terminal's
navigation system stops if both the onboard INS and the DR systems fail.

5.7.1 Issue

Both the ITIDS terminal SSS (Singer, March 19835') and Navy operational needs
require a TOA-onl\ mobile mode (Olenick. April 1986"').

5.7.2 Impact

TOA-onlv mobile mode is necessarv for the follow ing reasons:

* It is required for achieving fine synchroniiation in passive mode when all
onboard navigation systems arc inoperative.

" It is used for performing passixe updates on a platform already in fine
svnchroniation. but not operating onboard navigation systems.

Maintenance of fine synchroniation for long periods of time aboard a ship without a navi-
gation source might be compromised without this mode (Olenick. April 19865").
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5.7.3 Discussion

The TOA algorithm, as currently implemented by Singer, will pro% ide TOA-onlk
mobile mode at speeds not greater than 60 knots because the optimal Kalman filter is effec-
tive only at these speeds. This capability will satisfy the requirements of ships, but not of
most aircraft. A suboptimal filter is reported to work at speeds above 60 knots. However.
there is currently no TOA-onlv mobile mode in the Navy Air Interface Unit (1U). There-

fore, both the air SICP and the NICP require changes to enable implementation of this
feature for use by Navy aircraft.

5.7.4 Status

Singer has included TOA-only mobile mode as a navigation system type in the
Navy shipboard terminal SICP (Singer, July 198751), thereby making it available to the
ship. However, as of the Na\y shipboard terminal CDR, a satisfactory description of the
associated SICP processing has not been provided.

Singer reported considering making NICP modifications by FQT-4 to use the
Joseph-form of the Kalman filter covariance update. They said that this form change is

necessary for I OA-mobile mode availability for all platforms. This form is algebraically
identical to the previous approach, but uses more stable. nonsingular matrices (Singer,
June 198759).

5.7.5 Action Items

Solution of the problem requires the following actions by the Singer Company.

By FQT-4 Singer is to complete air and ship terminal modifications to incorporate
the Joseph-form of the Kalman filter to pro\ ide TOA-only mobile mode in all Navy
platforms.

5.8 CONVERSION TO WORLD GEODETIC SYSTEM 1984 MODEL

The JIIDS terminal uses WGS-72 based algorithms for calculating geodetic posi-
tion. The ('VNS and the new GPS use the WGS-84 model.

5.8.1 Issue

To bc compatible \kith the CVNS and the ne\ GPS system, the ,ITI1)S terminal
should be modified to use W(GS-84 for its geodetic position calculations.

5.8.2 Impact

Not conerting to \W(;S-84 \%ill introduce position errors of as much as 90 feet in
some locations to the .11 IS) geodetic calculations.

5.8.3 Discussion

I he (;PS has been using the \\'(IS-84 (rather than the \V(IS-72) spheroid model
since I ,iriuar\ 1987. 1)cphomm nt of all 24 (iPS satellites is expected b\ 1995. depending
upon approal of lunditng. I hc l8-satellitc constellation is planied to be operational by

September 1990. and the 3 acti\c ,,pare,, h\ N nber 1990 (Klass, October 1987',').
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With 24 satellites in position, every location on the earth's surface can "see"
4 satellites. Twenty-four is the number of satellites required for accurate positioning
(3 dimensions plus a time fix) (Widnall. January 198261). If only 18 satellites are in posi-
tion, some earth locations can "see" only 3 satellites and this situation implies an outage.

The WGS-72 and -84 models differ by approximately 5 feet over most of the
earth's surface. However, the difference approaches 90 feet in some places. Implementing
the 1984 model in the JTIDS terminal is expected to require a change to only the following
two NICP computer program parameters: semi-major axis and eccentricity squared (Poet,
April 198762).

5.8.4 Status

The Navy has agreed to propose to the JTIDS Message Standards Working Group
(JMSWG) changing the JTIDS terminal spheroid model from WGS-72 to WGS-84.

5.8.5 Action Items

The solution to this problem will require the following actions by the Navy and the
Singer Company.

Navv. The Navy took an action item to propose the change from WGS-72 to
WGS-84 to the JMSWG (Ault, April 198761).

Singer. Singer agreed to make the necessary changes following receipt of Navy
approval (Ault, April 198764).
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6.0 SUMMNARY

I he task ol integratinj thec Rl'I \A\ fuinctions Ill thle Nit\ jiphoilrd .11 11),S
terminial \%ithl theicIip's na'ligation datat sesrfse ilte IO(A-meaisureruntet message
reeecption transmlissNion vtei and the selectionl of earth iodel ehowen for. llamtptionl
callculatloll" has heenl larlgelN success'ful. II owc~er. there reialn af number of Issues Ii eachI
of these threec areais \\Ii jeli hax e not heen eo ipletel\ esolx ei

In each ease, at short-tcri soluitionl hia been] proposed. "Shortl-term''" meians that
thle solution "~III he Implemented h\ IC)]1 -4. Ini rnam ii ease. tile short-term solution rsfe
thle issueC. In all eases, thle termlinall is expeeted to he operable based upon thle shot-term
solu1.tiol, anld x ill, therefCore. he readyk for I FC(11 [VAI and OI- AI . If Thle iseIs nlot
resolved h\ (the short- termr soltion, then af long-termi soltitioi has, been) propowed. I hie
timei framei for complet ion of eaeh long-term Il olutionl has" not been ,tated.

6.1 NAVIGATION SYSTEMN D)ATA INTFAGRATION

I hecre exists a1 strong eon espondenece betx~ een the naigat ion iniput parameters
rell1irecl b\ thle Nax \ sipboard .1 1 IOS) terminal and thle iax igat ionl output patramfieterus
current].\ iiaaitlab from thle AN WSN-5 and C VNS I NS: hiowexer. thle f'ollo\ing problem

a \IS datat Is needed to enable: the teri inal software to mlode h ffeso

I 'NI-I og xeloeit% d Iirif~lg.

b. maiti x alutes are needed to be used to deternmie terminal reset eoniditions".

e. I lie magnitude of the AN WSN-5 "xifider anlgle must be made axaitlabl to thle

d. 11Ininintationl of the .losephlirri of thle Kalmtan filter to enable I ()A-oil\N
mlobi il ode for Nax v ireraft. as well as, sips. has \ct to be eonipleted.

Isues b anid (I arC eXPCted to be resoled by 1I0 I -- Issues aI an:d c can hie resow\ (l
Ii tilie long ternt b\ a ppropriate, miodificationi. of thle INS n~ax gi:t0I ou ttptit para mecter
interface. In each ease, a shlort-terml soluitionl is being pursuled. I hie iti(ldixdal shlort-termi
solutions" are cx plaii~cd fin ti'( paragraphs, belowN, aiid the short011 ili1 lon~g-terml soltiti oti ar
s4111t li IiMI In tabhle 6-I1

6.1.1 Flectromagnetlic Log Velociti IDamiping Miodel

1 enablehI the tcIIii:;:lI sofItx\iiIC to mlodel tile effects Of I Mi-I OL xelocitx d;: ipI)ilg.

the ( ''I x ill monit the AN WSA-5 (lalipile iiodc itdicat~ora aI is 11c:L et i~l and
fol\Aald Its, xiluel to thle teliffiill. I lie lefe'LelICe \eloci't\ \%Ill be clculated h\ thle ('' fro1n

thle INS M\'1111 ushti)sped and (Mlx 11 nhip heaIding. It xw ll be IMssCd to) the termllfinl. I htei ii

Ilal wIll enIIplo\ theL approprI)Iiate INS diI::Ipi 11C~ iiIeh iltilollct~iits COlIIistlits. anld
gains to mlodel thec effect of I NI o &1lo1t11)1i1pi12.

6.1.2 Terminal Re%et C onditions

I Ilie pmialiictl xaliks tiliCiidi fueIl: Il iit 11ial lsc "LtOCCIIdl(fil to Iiii ;li~fdt; LI \Ill
be counted m&nfpo.-idciitl fo eodei andI L il tIxCJ I\ L' 1,! )d n~i\ Iii tIM) \i illid It \ 1;11l1111 c Cm ai-
a li~ce nat Ix ad l litn s % ill he- maI;de as a f ii n t loll Of IeIt' I) R t I~ [tilt I ici R I I Ia ul c"e



Table 6-1. I ritcgr tion i""Inc \&lItitioli NUIInttnit \%

ISSLIC Short- I cmi IISoluition I ong- 1 .1 In Soltiint

[NI-I og ('I' \\111 Inoitlot INS di'.crctc '.ignal INS to C.\tCIMil Corpntcr Intel-

\,clocit.\ & ttotikt('111i n1,nat(t dtamipInig Mode fict \kIII hc mtodified to pro'idc
I a liin tu c hatngc: a daminping n1odc Indicat ot
MIodel

(. %%]) CA)Iil Icat'iilJitc rcc tcc OClIeIt\ %title aI, Short- Iteri-Souliutitn

to[ t he liintitial

INS datulpitig' neettAWiitioii ~Itl he Santoc a1' Stiuir- I eril-Soluitioti

nlodctcd fith Nli I( I hl I) QI-4

I c InIInat ITRdcp)cndctIt N\AV daita ' aithdit\ chcck,, Rcsotked h\ S.hort- Ifeit
Rc"Ct im plemented h\ I Q I -4 SolIon M

Coun d itn

N.\I W( to Jimt\ Io C'.tiltltc ot IN\S
untcitiat drTipoiit perIod'. to SoIItLl

Vctoi I (c It CA, 1 %i moit or the I( IR indfiat ot & Rc'.otxcd hk Sditt- I ci ii
and I ItI notutv thle tcrnuinal of ia rc'ct Solution
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,III not be countled t oA ard a tmxigat ion reset in the passix e mode. Al\so. the time that the(
SIC13 x% ill al los bet%%ccen S UCCe',six e alid data arrix a s betfore a reset Is Initiated %0I hl e
determined from estimates of' the I N S a\ erage Inertial dropout Period lengt hls.

6.1.3 Wander Azimuth Navigation Data Availability

The a bsence of t he A N WS N-5 \A ander angle is, a serious problem Ifor thle Na\ v.
In the short term, Singer xl ll model the A N WSN-5 as at north-slax ed system. H1ox cx er.
the [11! [DS nax igation Output data w ill not he a ppl icabhle to platforms operating a hox c
+60 degrees or belo\& 60) dlerees latitude.

6.1.4 TOA-Only Mobile Mode

The current status ot- prox iding I1OA,-onlx\ mobile mode lor- ships alone x Ill be
improx ed to include tis mode f'or aircraft as x\ elI. [is k\ ill be accomplished h\ modik Ing
he NI C P soft ware to use the .Joseph-f'orm of' the KalIman I r

6.2 TIML-OF-ARRIVA.L MEASUREMENT MESSAGE SYSTEM INTEGRATION

Compensation for ]OA-measurement message reception and transmiss ion delays,
through the antenina-to-terminal cables xv ill be included in N ICIP software b\ EQ-I -4.
Further. lex er-armn comIlpens~atlonl \, ill be added b\ I-Qi-4.

6.3 JTIDS NAVIGATION EARTH MODEL.

t he planned coix ersion to WGiS-84. Upon approx al of-the .1 MSWO. x ill resolx
the position error issue A~hich could Occur I rom Using tx~ o spheroids, W\(IS-72 and \W('S-
S4. a,, earth models,.



7.0 RECOMMENDATIONS

The issues In the nine rernaining areas vitl he rcsoeed either in the short term
or through eventual modifications to tile I NSs or the .FI-DS terminal in the long term.
How e~r. the Nav, should i on itor the resolution stat us o these issues to assure itself
that each issue cs resoked as planned. Ihe pri mar remain ing navigation data integration
challenge is to test the terminal for proper operation in the Nax shipboard na,.i,.ation
enl\ iron llent.
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9.0 (LOSSARY
9.1 TERMS

!553B bus A digital timc-iii Loini ,.,,,mand r.:,ponsc multiplc.\ data bus:
MIl.-ST)-1553H.

Aircraft Carrier An inertial nax igation system Ior an aircraft carrier. Specificall..
Navigation System an adapted Dual Mini-Shipboard Inertial Naxigation S\stem

(SINS).

Attitude The roll. pitch, and heading of a platlorm.

Aimuth The angle (measured clockxuisc) hetxkecn a distant obJect and (true
or magnetic) north.

Band A contiguous range of radio frequencies.

Circular For an estimated location (x,\y). it is the radius Error of the
Error of smallest circle centered at (x.%) \xhich has a 50"1 probability of
Probability containing the true location.

Combat Direction Combat decision and control system.
SN stem

Command and Navy shipboard computer system which acts as a Control host
Control Processor computer to the JTI)S terminal.

Course The direction of mox ement of a platform.

Coyariance Matrix A matrix (A) in which the A(i~j) entry is the statistical variance
between row and column components A(i) and A(j), respectively.

Damping The acti\it\ of diminishing the amplitude of a signal.

Dead A method of estimating the location of a platform. without the
Reckoning aid of celestial or satellite observations, from its course and the

distance tra\eled oxer that course.

Distributed l im Nav-deeloped communication sx ten that pro\ idcs .jam-
Dixision Multiple resistant secure com munication link up\ward-compatible with
Access link-I I. I.ink-4. and TDMA.

Electro-magnetic log An electromagnetic instrument used to measure a ship's speed
through the w'ater.

i x A position determined from terrestrial, electronic, or astronomi-
cal data.

1l ,\ hcel I o hold a state for a period of time irre,,pective of the arri\al of
new data.
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GLOSSARY (CONTINUED)

Formal Qualification Final test of a product before acceptance for Qualification
Test deliver\ by the procuring agency.

Gain A multiplication or improvement factor.

Geodetic Position Location of an object in the earth's latitude, longitude and
altitude coordinates.

Geoid An equipotential model of the earth's surface that coincides with
mean sea le\el over the oceans.

Gimbal A contrivance for permitting a body to incline freel\ in any
direction.

Greenwich Mean solar time at the meridian at Greenwich. England.
Mean Time

Global Positioning A collection oi'(24 planned) satellites placed in orbit so that a fix
System using 4 satellites may be taken from any position on earth.

Group Delay The average of a set of delays through the Notched Filter
Assembly experienced by the 5 1 transmission frequencies in the
JTIDS band.

Gyrocompass A compass consisting of a continuously driven gyroscope whose
spinning axis is confined to a horizontal plane. so that the earth's
rotation causes it to assume a position parallel to the earth's axis.
and thus point to true north.

Heading The direction in which the longitudinal axis of a platform is
pointed.

Host Pertaining to the platform on which the JTIDS terminal is
installed.

Interface Control A document which specifies the format and exchange rules for
Document signals or messages passed between two pieces of equipment. e.g.

computers.

Identification. A military communication s\stem for exchanging information on
Friend or Foe friendly or hostile forces.

Inertial Measurement The sub-unit in an inertial navigation system that measures the
[nit magnitude of the host platform's acceleration.

Inertial Navigation A navigation system wNhich pro\ ides position, velocity and
System attitude data based upon the operation of sensors aboard the

platform.
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GLOSSARY (CONTINUED)

Kalman One of a class of linear minimurn-error-\ ariance sequential ,rate
Filter estimation algorithms, originally de\eloped by R. E. Kalman.

l.ever Arm The vector betwcen two points, in particular an antenna and the
ship's reference point.

l.ink-4A A IT HF channel used as an air control link between ships. E-2('s
and F-14s.

Link-Il A secure, HIF .' HF EHF channel used for sharing track data,
establishing gridlock, and for sending force orders, status and
intelligence information.

Link- 16 A high-capacity, secure, jam-resistant, channel for data transfer
between battle force units.

Mean Sea L.exel The a\erage height of the surface of the sea for all stages of the
tide.

Mechanization Mathematical equations and formulas to perform a specific
Equations function.

Metacenter The point of intersection of the vertical through the center of

buoyancy of a ,mating body wkith the vertical through the new
center of buoyancy when the body is displaced however little.

Multipath The multiple paths that a radio wave may take from a single
source to an antenna, because of reflection from sea or sky. The
path length difference mar cause a time delay in the signal's
arrival over one path as compared to another.

Multiplex Pertaining to a system of transmitting sc\eral message over the
same channl.

Nautical mile Maritime measure of distance (6076 feet).

Nax igation l)etcrmination of a platform's position and velocity rclative to
some reference coordinate frame.

Notch Filter An electronic device used to minimize the JTI DS broadcast band
Assembly intcrference on the txxo IFI- sub-bands.

Net Interface The computer program in the .I I I)S terminal that performs the
Computcr Program s stem-\,\ide network communication and na igation functions.

Ovcr-The-Horion PeT taining to an obect which is not in line-of-sight because of the

eaI th's ctr,\aturC.
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GLOSSARY (CONTINUED)

Ownship Referring to the ship under discussion.

Pitch The rotation of a platform about its lateral axis.

Precise Participant A JTII)S message for communication between platforms, whose
Location and contents identify the sender and and the sender's perceived
Identification position.

Redlined Changes marked by hand (in red) directly in a document.

Reference Velocity North and east components of ownship speed.

Relative Navigation Determination of a platform's position and velocity relative to a
common grid system, positioned on the earth's surface at an arbi-
trary, but fixed location.

Relative Position Location of one platform with respect to another independent of
their location on an absolute earth coordinate system.

Radio Frequency Communication channel using a band of the radio spectrum as
the carrier.

Roll The rotation of a platform about its longitudinal axis.

Round Trip Timing A method of achieving JTIDS time synchronization between two
platforms by sending and receiving a specified set of messages.

Singer The Singer Company. Electronic Systems Division.

Sub-band A radio frequency band which is contained within another band.

Sub-optimal Filter A filter which produces less than optimal error for its estimation
states.

Subscriber Interface A .ITIDS terminal computer program designed and initialized to
Computer Program interface the terminal to its host platform.

Systems Integration JTII)S terminal multi-platform integration testbed located at
Facility NOSC.

System Segment System requirements specification document.
Specification

Tilt Measure of misalignment of an inertial system.

-rime Division Access to a communication channel is allocated in predefined
Multiple Access time slots.
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GLOSSARY (CONTINUED)

Time of Time that the gyrocompass is realigned.
Gxro Reset

Terminal Input Any number of formatted messages sent by the C'P to the JTII)S
Message terminal over the 1553B bus. I

Time of Arrival Time that a message arrives at a platform. Because the time of
transmission of some classes of messages is known. the distance
traveled can be calculated knowing the message's time of arrival
at the receiving platform.

Terminal Output Any of a number of formatted messages sent by the Output
Message JTIDS terminal to the C'P over the 1553B bus.

Wander Angle The (small) amount that the orientation of an inertial navigation
system is allowked to deviate from true north.

World Geodetic A number of models of the earth's natural or physical surface.
System The specifications of these models vary by year of definition (e.g..

WGS 1972, WGS 1984) and by type (e.g., ellipsoid. geoid).

9.2 ACRONYMS AND ABBREVIATIONS

ACDS Advanced Combat Direction System
AEGIS Navy Advanced Surface-to-Air Missile System
AF Air Force
AFB Air Force Base
AI U Antenna Interface Unit
AN WSN-5 Inertial Navigation Set

CIP Command and Control Processor
CAP Combat Air Patrol
CDR Critical Design Rexiew
CI)S Combat Direction System
CE P Circular Error of Probability
CG Guided Missile Cruiser
CP[ CentrJ Processing Unit
CV Aircraft Carrier
CVNS Aircraft Carrir Navigation System

I)[)G Guided Missile Destroyer
DR Dead Reckoning
DT DM A Distributed Time Division Multiple Access

EM-I.og Electromagnetic Log
ESI) Electronic Systems Division
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GLOSSARY (CONTINUED)

fps Feet Per Second
FQT Formal Qualification Test

GMT Greenwich Mean Time
G PS Global Positioning System
gyro Gyrocompass

Hi Hert7

ICD Interface Control Document
IFF Identification, Friend or Foe
IMU Inertial Measurement Unit
INS Inertial Navigation System
I U Interface Unit

JMSWG JTIDS Message Standards Working Group
.JPO Joint Program Office
JTIDS Joint Tactical Information Distribution System

LOS Linc-Of-Sight

M PIT Multiplatform Integration Testing
ms Millisecond(s)
MSI. Mean Sea Level

M U X Multiplex

NADC Naval Air Development Center
NAV Navigation
NAVSEA Naval Sea Systems Command
NFA Notch Filter Assembly
NICP Net Interface Computer Program
nmi Nautical mile
NOSC Naval Ocean Systems Center
ns Nanosecond(s)
NTDS Naval Tactical Data System

OPEVAI. Operational Evaluation
OTH Over-The-Horizon

PMA Program Manager at Naval Air Systems Command
P)R Preliminary Design Review
PMW Program Management Office at SPAWAR
PPI I Precise Participant Location and Identification
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GLOSSARY (CONTINUED)

R T Receiver Transmitter
RDT&E Research, Development. Test, and EBaluation
RELNAV Relative Navigation
RF Radio Frequency
RNKF RELNAV Kalman Filter
RNWG RELNAV Working Group
RTT Round Trip Timing

SICP Subscriber Interface Computer Program
SIF Systems Integration Facility
SPAWAR Space and Naval Warfare Systems Command
SSS System Segment Specification

TADIL Tactical Digital Information I.nk
TCS Tactical Communications Systems
TDMA Time Division Multiple Access
TECHEVAL Technical Evaluation
TGR Time of Gyro Reset
TI M Technical Interchange Meeting

Terminal Input Message
TOA Time Of Arrival
TOA-only TOA-measurement message-only mobile mode
TOM Terminal Output Message

USAF United States Air Force

WGS World Geodetic System
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